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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
controllability and repeatability of a process by installing 
a mechanism to keep monitoring the concentration of 
reactive gas in a chamber, and allowing the gas 
concentration to reach a value set by a mass flow 
controller before starting the process. 
SOLUTION: After a wafer 5 is placed in a chamber 4, 
nitrogen is introduced into the chamber 4 through a 
carrier gas pipe 2 to obtain a nitrogen atmosphere. 
Thereafter, hydrogen is introduced. When the interior of 
the chamber has been completely turned into a hydrogen 
atmosphere, diborane gas diluted with hydrogen is 
introduced through a reactive gas pipe 3. The 
concentration of the reactive gas is checked using a 
reactive gas concentration measuring instrument 20. 
When the concentration of the reactive gas reaches a 
specified value, a heating lamp 8 is turned on to heat the 
wafer and diffuse boron. This makes it possible to reduce 
deviations between batches, such as the sheet 
resistance and film thickness of wafers, to 1/3 or so. 
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CLAIMS 


[Claim(s)] 

[Claim 1] Semiconductor fabrication machines and equipment which were made to diffuse an 
impurity or possessed the mechanism which samples the gas in a chamber and always carries 
out the monitor of the concentration of reactant gas in the semiconductor fabrication machines 
and equipment which pass reactant gas with the operation which oxidizes, and carrier gas or it 
heated the semiconductor substrate in a chamber and formed the thin film on the 
semiconductor. 

[Claim 2] Either the gas in which the above-mentioned carrier gas is nitrogen, hydrogen, an 
argon, or helium, and reactant gas has the operation which makes silicon deposit or gas 
containing an element with the operation which changes silicon into N type or P type and 
semiconductor fabrication machines and equipment given in the 1 st term of a claim which both 
come out and are characterized by a certain thing. 

[Claim 3] One of the gas containing the gas in which the above-mentioned carrier gas is 
nitrogen, hydrogen, an argon, or helium, and reactant gas has the operation which makes silicon 
deposit and oxygen, or nitrogen, or semiconductor fabrication machines and equipment given in 
the 1 St term of a claim which both comes out and is characterized by a certain thing. 
[Claim 4] Semiconductor fabrication machines and equipment given in the 1st term of a clainri 
characterized by being the method (chronoamperometry) with which the mechanism which 
carries out the monitor of the above-mentioned reactant gas concentration detects the current 
accompanying electrolysis of reactant gas, or the method (the galvanic cell method) which 
detects the current accompanying the oxidation-reduction reaction of reactant gas which passed 
the diaphragm. 


[Translation done.] 


DETAILED DESCRIPTION 


[Detailed Description of tlie Invention] 
[0001] 

[Industrial Application] this invention relates to semiconductor fabrication machines and 

equipment excellent in the controllability of a process, and repeatability. 

[0002] 

[Description of the Prior Art] A Prior art is explained using drawin g 1 . This is chemical gaseous- 
phase deposition equipment for depositing polycrystal silicon. With this equipment, after installing 
a wafer 5 in a chamber 4, gas, such as nitrogen, is passed from the carrier gas line 2, and the 
inside of a chamber 4 is replaced. Next, the inside of a chamber is made reduced pressure with a 
vacuum pump 7, reactant gas, such as a mono silane, is further passed through the process gas 
line 3 and a bypass 1 4, and the inside of piping is purged enough. Then, reactant gas is 
introduced into a chamber with carrier gas, and polycrystal silicon is deposited. In addition, this 
technology is S.M.Sze. VLSI Technology McGrawHill It is stated to p.236. 
[0003] Moreover, another conventional example is explained using drawing 2 . This installs an 
oxygen density measuring instrument, in order to grasp the substitution state of process gas to 
the lamp annealer of an ordinary pressure. With such equipment, in case a silicon wafer 5 is 
installed in a chamber 4, in order to open a door 12, the contamination of the atmosphere into a 
chamber surely arises. Then, the oxygen density is measured, installing the oxygen density 
measuring instrument 10 through the suction line 13, and making process gas flow from the 
mass-flow controller 1. And when the remains oxygen density involved in at the time of wafer 
receipts and payments heats a wafer using a lamp 8 in the stage which fell enough and performs 
a process, unwilling oxidization is suppressed and good annealing processing is performed. In 
addition, this technology is expressed to a open patent official report common 4-264734. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the flow rate of reactant gas is controlled 
by the conventional example shown in drawing 1 by the mass-flow controller 1 , especially the 
reactant gas concentration in the chamber immediately after a deposition start has not become 
as the flow rate of a mass-flow controller. Moreover, the concentration will change with the 
degree of the purge in piping, or existence of leak. In this case, an assembly time is short, and in 
case a thin semiconductor film is formed, control of thickness is difficult, and the problem of 
being scarce is in repeatability. Gas is introduced into the chamber, when reactant gas 1 0 
minutes are passed through a bypass line before deposition and the concentration in piping is 
stabilized, in order to avoid this problem. Therefore, the problem of being difficult also had 
shortening of process time. Moreover, although measurement of the oxygen density involved in in 
the conventional example shown in drawing 2 at the time of wafer installation is possible, the 
monitor of the gas concentration in an actual process is impossible. Therefore, like the case of 
drawing 1 , only the mass-flow controller is performing control of process gas, and the above- 
mentioned problem arises. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned problem, by this 
invention, the mechanism which always carries out the monitor of the reactant gas concentration 
in a chamber is installed, and after reaching gas concentration as set up by the mass-flow 
controller, a process is performed. 
[0006] 

[Function] According to a reactant gas concentration monitor mechanism, the concentration of 
the reactant gas to carrier concentration can be grasped correctly. After reactant gas 
concentration reaches the flow rate currently controlled by the mass-flow controller, by starting 
a process, an ultra-thin semiconductor film can also be formed with sufficient repeatability. 
[0007] 

[Example] Drawing 3 is one example of this invention indicated to claims 1 and 2. This equipment 
is impurity diffusion equipment of the ordinary pressure possessing the reactant gas- 
concentration-measurement machine 20. After installing a wafer 5 in a chamber 4 through a load 


lock chamber, nitrogen was introduced into the chamber through the carrier gas piping 2. A 
nitrogen flow rate is 10 l/min. The inside of a chamber changed the blasting fumes which became 
nItrogen-gas-atmosphere mind to hydrogen, and made the inside of a chamber hydrogen 
atmosphere. A hydrogen flow rate is also 10 l/min. After checking that atmosphere had become 
hydrogen completely by the reactant gasometer. 1 00 ml/min introduction of the diboron- 
hexahydride gas diluted with hydrogen to 0.1% through the reactant gas piping 3 was carried out. 
Although the flow rate of the reactant gas at this time (diboron hexahydride) and carrier gas 
(hydrogen) is set to 10 ppm, immediately after diboron-hexahydride introduction, directions of 
the reactant gas-concentration-measurement machine 20 are not attained to the value. After 
passing hydrogen and a diboron hexahydride for 5 minutes. It checked that directions of the 
reactant gas-concentration-measurement machine 20 had been set to 10 ppm, the heat lamp 8 
was turned on, and the wafer was heated to 900 degrees C. A programming rate is 50 degrees 
C/s. After wafer temperature amounted to 900 degrees C. it held for 10 seconds, and boron was 
diffused. The diffusion depth has formed the boron diffusion layer of 20nm, and sheet resistance 
about 8 kilo ohms the 20th power of 10 which the boron concentration of this result table side 
applies one per cubic centimeter. The measuring instrument of the sheet resistance at this time 
is shown in drawing 4 . Although the deflection between batches of sheet resistance was 7.07% 
when not using a reactant gas density measurement machine, it has decreased to 2.30% by using 
a reactant gas density measurement machine. The reactant gas determination system used at 
this time Is shown in drawing 5 . The gas within equipment exhaust air is introduced into a 
sampling line through a filter 25. A sampling line is attracted by the suction pump 1 1 . The cross 
valve 23 for measuring instrument proofreading gas introduction and the flow control bulb 21, and 
the sampling gas that passed along FUROME ♦* 22 are introduced into the reactant gas- 
concentration-measurement machine 20, and the reactant gas concentration in carrier gas Is 
measured here. The exhaust gas of a suction pump 1 1 returns to an exhaust pipe arrangement 
again. A flame arrester 24 is installed in the gas inlet of this sampling line, and an exhaust port, 
and it has the composition that the flame which should have been produced within the measuring 
instrument does not reach a chamber. Drawing 6 is the example of measurement of the diboron- 
hexahydride concentration in a chamber when performing the above process. By the time it 
amounts to the flow rate of diboron-hexahydride gas to the carrier gas currently controlled by 
the mass-flow controller, and 10 ppm. time t1 will have passed. A lamp 8 is turned on from time 
t1, and a wafer is heated. After predetermined carried out time diffusion, when time t3 came, 
diboron-hexahydride introduction and wafer heating were stopped. As time t3-t2 were shown in 
drawing 4 by managing as a diffusion time from this diboron-hexahydride density measurement 
result, the deflection between batches of sheet resistance decreased. 

[0008] Drawing 7 is reduced pressure chemical gaseous-phase deposition equipment which 
shows another example of this invention Indicated to claims 1 and 2, passes a mono silane etc. 
as nitrogen or hydrogen, and material gas as carrier gas. and forms a silicon thin film. It is also 
possible to dope by passing a diboron hexahydride or phosphine gas simultaneously. With this 
equipment, when a wafer is installed In a chamber and wafer temperature is stabilized, it is begun 
to introduce reactant gas. and a silicon system thin film is formed. A chamber is exhausted with 
the dry pump 27 and the chamber pressure in a process can be controlled by the automatic- 
pressure-controller bulb 31 in 100 torrs of numbers from dozens. It lets the carrier gas piping 2 
pass, and is hydrogen 20 The mono silane diluted with hydrogen to 2% as l/min and material gas 
was passed 1 ml/min. The concentration of the mono-silane gas to the carrier gas at this time is 
1 ppm. The pressures under growth were 40TorKs) and substrate temperature was 650 degrees 
C. The monitor of the mono-silane concentration at this time was carried out with the measuring 
instrument 30, and repeatability improved by managing by the method which showed thin film 
growth time to drawing 5 . In addition, the gas-concentration-measurement system shown in 
drawing 7 can also be installed between the mass-flow controller 1 and a reaction chamber 4 like 
drawing 8 . By the method of drawing 7 , although It cannot measure correctly, since the 
reactant gas concentration under thin film growth has measured the gas concentration in front of 
a chamber inflow, by drawing 8 . the monitor of it can be carried out also during thin film growth. 
[0009] Drawing 9 is lamp heating apparatus which shows another example of this Invention 


indicated to claims 1 and 3, passes oxygen or ammonia by making nitrogen into carrier gas, and 
oxidizes or nitrides silicon. After it installed the wafer in the chamber 4 and nitrogen replaced the 
inside of a chamber, oxygen or ammonia was introduced. The nitrogen flow rate at this time is 1 . 
l/min. oxygen, or an ammonia flow rate is 1. They were 10 ml/min from ml/min. The monitor of 
the oxygen or ammonia concentration to nitrogen in a chamber was carried out with the oxygen 
density measuring instrument 32 or the ammonia density measurement vessel 33, after reaching 
the flow rate which flows the above-mentioned mass-flow controller, the heat lamp 8 was turned 
on and the oxide film of 5nm or less of thickness or the nitride was formed. By always carrying 
out the monitor of the oxygen or ammonia concentration in a chamber, dispersion in the 
thickness between batches was able to be reduced to conventional 1/3. 

[0010] Drawing 10 shows another example of this invention indicated to claims 1 and 4, and is 
the principle view of the gas-concentration-measurement machine by chronoamperometry. This 
measuring instrument is the method of measuring the current produced in the case of the 
electrolysis reaction of component gas made into the purpose. If reactant gas touches a working 
electrode 46, an electrolysis reaction will occur on an electrode. Then, by the produced hydrogen 
ion, also on a counter electrode 43, a reaction occurs and current flows to an external circuit. 
The current is detected with an ammeter 42, and it changes and outputs to gas concentration. 
[001 1] Drawing 1 1 shows another example of this invention indicated to claims 1 and 4. and is 
the principle view of the gas-concentration-measurement machine by the galvanic cell method. 
A diaphragm 48 is penetrated, solution absorption is carried out at the electrolytic-solution thin 
film in the front face of a working electrode 49. and reactant gas starts an oxidation-reduction 
reaction. A reaction also with an equivalent reference electrode 50 occurs, and the current 
which is proportional to reactant gas concentration directly on that occasion occurs. Equipment 
excellent in repeatability and the controllability was realizable by providing drawing 10 and a gas- 
concentration-measurement machine like 1 1 in semiconductor fabrication machines and 
equipment. 
[0012] 

[Effect of the Invention] The monitor of the gas concentration in a reaction chamber is always 
carried out, and the repeatability of a process improves by performing a process, after becoming 
a gas concentration ratio as the flow rate which flows a mass-flow controller. Deflection between 
batches, such as sheet resistance of a wafer which specifically performed the process, or 
thickness, can be made about into 1 /3. 
[0013] 


[Translation done.] 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the conventional GVD system. 

[Drawing 2] The schematic diagram of the GVD system possessing the conventional oxygen 
detector. 

[Drawing 3] The schematic diagram of a GVD system showing the example of this invention. 

[Drawing 4] Drawing showing a sheet resistance-measurement result. 

[Drawing 5] The gas sampling piping diagram showing the example of this invention. 

[ Drawing 6 ] The gas-concentration-measurement result which shows the example of this 

invention. 

[Drawing 7] The schematic diagram of a GVD system showing the example of this invention. 
[Drawing 8] The schematic diagram of a GVD system showing the example of this invention. 
[Drawing 9] The schematic diagram of a GVD system showing the example of this invention. 
[Drawing 10] The gas detection method schematic diagram. 
[Drawing 1 1] The gas detection method schematic diagram. 
[Description of Notations] 

1 [ ... Reactant gas piping, ] ... A mass-flow controller. 2 ... Garrier gas piping, 3 4 [ ... A heating 
heater. 7 / ... Evacuation pump, ] ... A chamber, 5 ... A wafer, 6 8 [ ... An oxygen sensor, 11 / ... 
Suction pump, ] ... A heat lamp, 9 ... An exhaust pipe arrangement, 1 0 1 2 [ ... Bypass, ] ... A 
chamber door, 13 ... A suction line, 14 15 [ ... Flow control bulb, ] ... A chamber exhaust pipe 
arrangement, 20 ... A reactant gas-concentration-measurement machine, 21 22 [ ... Flame 
arrester, ] ... A flow meter, 23 ... A cross valve, 24 25 [ ... Dry pump, ] ... A filter, 26 ... An 
automatic-pressure-controller bulb, 27 28 [ ... Diboron-hexahydride density measurement 
machine, ] ... A gas mixture line, 30 ... A mono-silane density measurement machine, 31 32 [ ... 
The criteria cell for reference electrodes, ] ... An oxygen density measuring instrument, 33 ... An 
ammonia density measurement machine, 40 41 [ ... A counter electrode, 44 / ... A reference 
electrode, 45 / ... The electrode liquid phase, 46 / ... A working electrode, 47 / ... The electrolytic 
solution. 48 / ... A diaphragm. 49 / ... A working electrode, 50 / ... Reference electrode. ] ... 
Amplifier, 42 ... An ammeter, 43 


[Translation done.] 
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